Background. Five years since the successful introduction of MenAfriVac in a mass vaccination campaign targeting 1-to 29-year-olds in Burkina Faso, consideration must be given to the optimal strategies for sustaining population protection. This study aims to estimate the economic impact of a range of vaccination strategies in Burkina Faso.
Burkina Faso is one of the few countries whose boundaries lie wholly within the African "meningitis belt," and thus experiences a particularly high incidence of meningococcal meningitis, with epidemics occurring regularly [1, 2] . In 2010, Burkina Faso successfully implemented a nationwide preventive campaign with a new conjugate vaccine, known as MenAfriVac, against Neisseria meningitidis group A (MenA) [3, 4] . There have been no confirmed cases due to MenA in Burkina Faso since 2010 [2] [3] [4] [5] , and a substantial overall reduction in the meningitis burden [6] , although group W remains a threat [7] . To sustain population-level protection against MenA following the 2010 introductory campaign, the country plans to incorporate MenAfriVac into the routine infant immunization schedule with 1 dose at the age of 9 months in late 2015 or early 2016 together with a single campaign among cohorts of children born since the campaign. This follows the recommendation made by the Strategic Advisory Group of Experts (SAGE) of the World Health Organization (WHO) in October 2014, which advised that meningitis belt countries should introduce MenAfriVac into the routine childhood immunization program within 5 years of campaign completion, together with a one-time catch-up campaign for young children born since the initial mass vaccination who would be outside the age window when the routine immunization program starts [8] .
Prior to MenAfriVac introduction in 2010, the public health response to MenA relied on the detection of localized epidemics through surveillance and subsequent reactive immunization campaigns with polysaccharide vaccines [9] (as it still does for disease due to other meningococcal serogroups [10] ). The effectiveness of this strategy is limited, largely because when vaccination campaigns are implemented, the epidemic may already be beyond its peak [11, 12] . Because this strategy does not prevent cases and epidemics from occurring, health systems can be severely disrupted and costs to the affected households can amount to one-third of the annual gross domestic product (GDP) per capita in Burkina Faso [13, 14] .
This study aims to estimate the costs and savings of alternative preventive immunization strategies with MenAfriVac in Burkina Faso over a 26-year time period, compared with a reactive vaccination strategy.
METHODS

General Methodology
We estimate the economic impact of different MenA vaccination strategies in Burkina Faso, in terms of costs and savings for the health system and households and, as such, take a societal perspective. The study is a cost-of-illness study. By definition, cost-of-illness studies measure the economic burden of a disease and estimate the maximum amount that could be saved by reducing that burden [15] .
We consider a 26-year time period, from 2010 until 2035, with 2010 being the year of the preventive campaign targeting 1-to 29-year-olds in Burkina Faso and 2015 the anticipated year of the introduction of routine MenAfriVac immunization. The study is both retrospective (real costs from 2010 to 2014) and prospective from 2015 onward, where future costs are projected. New cases are included during the entire study period. We therefore differentiate the time horizon into 2 periods: 2010-2014 and 2015-2035. The 2035 cutoff is based on an expected 10-year duration of protection of MenAfriVac against MenA and an expected waning of the effects of the 2010 campaign around 15 years after vaccine introduction, in the absence of further immunization [16] .
The study compares the costs of reactive campaigns for individuals aged 2-30 years with a polysaccharide A + C meningococcal vaccine (reactive strategy) to each of the 3 new vaccination strategies aimed at preventing MenA using MenAfriVac while targeting different age groups : (1) a single preventive campaign in 2010 for individuals aged 1-29 years ( preventive strategy); (2) routine immunization at 9 months of age 5 years after the preventive campaign (routine strategy); and (3) routine immunization at 9 months of age 5 years after the preventive campaign, and a catch-up of children born since the preventive campaign (combination strategy).
The incidence of MenA in each of the vaccination strategies is predicted from a transmission dynamic model of MenA and MenAfriVac immunization [16] . The model is designed to capture the typical epidemiology of MenA in the meningitis belt, with periodic but irregular epidemics occurring in the dry season. This model estimates the number of cases occurring per year on a national level and does not predict localized epidemics. Vaccination with MenAfriVac is implemented according to the The considered incidence of MenA in the absence of any preventive strategy is 24.7 per 100 000.
Abbreviation: MenA, Neisseria meningitidis group A.
strategies above, and influences disease epidemiology through effectiveness against disease and carriage (90% in both cases), thus providing direct and indirect protection. In the model, MenAfriVac coverage is assumed to be 95% for the 2010 campaign and 80% for routine and subsequent catch-up. The number of cases of MenA is estimated by applying the annual incidence rates shown in Table 1 to the population of Burkina Faso [17] . Costs and cases are primarily undiscounted, but we also explored the sensitivity of results to 2 alternative discounting scenarios: discounting of 3% for both cases and costs and discounting of costs at 3% with no discounting of cases. All costs were adjusted to 2012 US dollars (USD). For the period 2015-2035, the price of vaccines is an average of the expected price during that period.
Cost Calculation
Different types of costs are calculated: (1) the costs of case management and of vaccination for the health system, and (2) the direct nonmedical costs (DNMCs) and indirect costs (ICs) for households. We assume that case management of meningitis is free for households and is all supported by the health system, according to the policy promoted by the international community during epidemics of meningitis in Burkina Faso [9] . We further assume that in households there is no self-medication nor visit to a traditional healer prior to contact with a health center or hospital. Both these assumptions are conservative. Costs of sequelae have not been taken into account.
Health System Costs
The case management costs are calculated by multiplying the estimated number of cases of MenA under each strategy by an average cost of case management calculated using a multilinear regression analysis including data from 27 countries on the direct medical costs (DMCs) of meningitis cases in low-and middle-income countries [18] . Original data for Burkina Faso come from Colombini et al [13] .
The costs of reactive campaigns are based on the total costs of reactive vaccination estimated in a study performed in Burkina Faso in 2007 [14] , divided by the number of cases in that study period to give an average cost per case. The average cost per case is then multiplied by the estimated incidence of cases of MenA under a reactive strategy between 2010 and 2035. In reality, reactive vaccination only occurs when an epidemic threshold is reached, so only cases that occur in areas that reach an epidemic threshold will yield a reactive vaccination cost. As the model does not predict the occurrence of localized outbreaks, it is not possible to mirror the true policy.
As an alternative, we estimated the cost of reactive vaccination based on the number of affected districts in Burkina Faso that were immunized in the last MenA epidemic in 2006-2007. Here we assumed that a similar epidemic would occur every 10 years, requiring reactive campaigns in 46 districts with 1 district per year requiring a reactive campaign in interepidemic years. The median district population size in Burkina Faso in 2010 was 233 315, and we assumed that 75% of the district population would be targeted (as a proxy for those aged 2-30 years) at a cost of 1.45 USD per person vaccinated [14] .
The cost of the preventive campaign was derived from the WHO report on the 2010 preventive campaign in Burkina Faso and Gavi financial documents and includes total vaccine costs and total delivery costs. The costs of vaccination of the other strategies is based on (1) the unit delivery costs derived from a review of national program documents; (2) the projection of fully loaded price for vaccines and injection supplies per dose; and (3) an estimate of the number of doses required for each strategy given the target population estimated from United Nations population data [17] . The average delivery cost per dose of the catch-up campaign is considered to be the same as for the preventive campaign. The average delivery cost per dose of routine vaccination is derived from the data available on the comprehensive multiyear plan of the immunization program in Burkina Faso [19] , which consists of the sum of the specific costs of all the activities needed to administer routine vaccines, divided by the total number of vaccine doses supplied (see Table 2 for more details). We assume that there are no fixed costs and that the cost of immunization is shared proportionally to the number of doses.
The number of doses of vaccines required is based on the target population, the expected coverage rate, and wastage rates of each vaccination strategy (Table 3) .
Household Costs
Two types of costs for households are taken into account: DNMCs and ICs.
DNMCs are nonmedical costs incurred by the patient and/or the family carer because of the illness episode. For instance, in Burkina Faso, hospitals do not provide certain services (meals, hygiene) and there is hardly any transport or ambulance service. Consequently, households have to bear these transport costs, even for seriously ill patients. The family carers also have to pay for food for the patient and themselves, and buy soap and other personal hygiene items. Additionally, DNMCs include phone calls to family and costs for visitors (Table 2) . This DNMC is calculated by multiplying Portnoy et al's DMC [18] by the ratio of DNMC and DMC in Burkina Faso from Colombini et al's original data (r = 0.61) [13] .
ICs are estimated as the loss of income due to a temporary work interruption, calculated by multiplying the average number of days of illness (from [13] ) by the daily per capita GDP (from the World Bank [20] ). We considered that only 1 adult person per case was affected by work interruption: either the patient, if the patient is an adult, or 1 adult caregiver if the patient is a child.
Savings and Economic Impact
The economic impact is estimated from the costs saved by both households and the health system. Savings are calculated as the difference between the costs of the baseline strategy (reactive strategy) and each alternative strategy over the same period of time; if the differential is positive, the alternative strategy is cost saving. The savings are subdivided by cost category (case management, vaccination, DNMCs, ICs).
RESULTS
Impact on Disease Burden
The number of cases of MenA expected in Burkina Faso varies from one strategy to the other (more detail is given in [12] ). In the absence of preventive vaccination, 122 466 cases are predicted between 2015 and 2035. In contrast, the most effective combination strategy predicts only 3066 cases over the same period (Table 4 ). The 3 alternative strategies considerably reduce the number of cases of MenA, preventing at least 100 000 cases compared with the reactive strategy.
Impact on Costs
The reactive strategy led to higher total costs both for the health system and for households, regardless of the comparison strategy (Table 4) .
Total Undiscounted Costs
From 2010 to 2014, the costs of the preventive and the reactive strategy are almost the same, with 9.7 and 10.0 million USD, respectively (3.1% difference). However, the structure of the costs are very different: the cost of the preventive campaigns is 1.7 times that of the reactive campaigns, but there are no costs associated with cases under the preventive strategy as no MenA cases occurred during this time period. Between 2015 and 2035, the cost of the reactive strategy is calculated as 59.9 million USD. By comparison, from 2015 to 2035 the routine and the combination strategies would cost a total of 27.4 to 24.6 million USD, respectively. De facto, the total cost for the reactive strategy is 2.2 times higher than the routine and the combination strategies. This is explained both by a higher number of cases of MenA, resulting in higher costs of case management and of DNMC and IC for households, and the higher costs of vaccination. The costs of the routine and the combination strategies are very similar due both to the low costs of the catch-up campaign in 2015 and to the lowest incidence of MenA under the combination strategy yielding lower case management costs, DNMCs, and ICs.
Within each strategy, total vaccination costs are higher than those linked to care of cases (case management, DNMCs, and ICs), due to vaccination leading to a decreased number of cases-and thus to a reduction of the costs linked to illness.
Costs for the Health System
A huge decrease in the costs of case management is observed for all preventive strategies compared with the reactive strategy, as many fewer cases are predicted to occur (Table 4) . With routine and combination strategies, the costs of case management are only 2.7% and 0.6%, respectively, compared with 10.4% for the reactive strategy between 2015 and 2035.
Between 2010 and 2014, the health system costs associated with vaccination were higher for the preventive strategy, as all Table 4 ). The average vaccination cost per vaccinee is higher for routine vaccination than for preventive campaigns, with 1.99 USD and 0.88 USD respectively.
Costs for Households
The total cost for households is directly linked to the burden of disease: the fewer the cases, the lower the costs. All of the alternative strategies are less costly than the reactive strategy (Table 4) , with the combination strategy resulting in the lowest household costs. ICs, which represent here the loss of earnings for the family during the acute illness episode and the recovery, represent the main costs to households (81%).
Net Savings for Both the Health System and the Households
All the alternative strategies save money compared with the reactive strategy (Table 5, Figure 1 ). In total, the savings for the routine and the combination strategy are similar and amount to 32.5 and 32.3 million USD between 2015 and 2035, respectively. Savings are higher overall for the households than for the health system.
Between 2010 and 2014, the savings are much lower (about 300 000 USD); there are no cases of MenA thanks to the preventive campaign, but this mass campaign was costly in terms of vaccination costs.
Ultimately, each dollar invested in routine immunization generates savings of an additional 1.3 USD, and each dollar invested in the combination strategy saves 1.2 USD.
Sensitivity Analysis: Impact of Discounting
If discounting the costs at 3%, all the alternative strategies are still cost-saving both for the health system and for the households. However, the savings are lower than in the undiscounted Data are presented as US dollars unless otherwise specified.
Abbreviation: MenA, Neisseria meningitidis group A. scenario and amount to 17.8-18 million USD for the combination and the routine strategies, respectively ( Figure 2 ). The only exception is again for vaccination, strictly speaking, under the preventive strategy between 2010 and 2014. When discounting both cases and costs at 3%, the preventive strategy costs 1.2 million USD more than the reactive strategy between 2010 and 2014. The long-term strategies remain cost-saving, with savings amounting to a maximum of 3.9 million USD for the routine strategy between 2015 and 2035. However, in this scenario vaccination costs are higher for each of the alternative strategies than for the reactive strategies ( Figure 3 ).
DISCUSSION
We find that the introduction and sustained use of MenAfriVac to prevent MenA has a substantial positive economic impact in Burkina Faso. Each of the preventive strategies considered generates considerable savings compared to the reactive strategy using a polysaccharide vaccine between 2015 and 2035, both with and without discounting costs at 3%. Indeed, each dollar invested in the combination strategy recommended by SAGE saves an additional 1.2 USD; in total, up to 32.3 million USD can be saved. Savings to the health system are accrued by lower costs of case management, and in the long term, also through reduced vaccination costs. By preventing MenA, MenAfriVac will reduce the economic burden on households and save thousands of households from catastrophic expenditures and pauperization [11] . Meningitis prevention is also likely to raise population well-being and development capacity including through the improvement of child health [21] [22] [23] [24] . The severe disruption to the health system and communities from meningitis epidemics will be avoided [14, 25] .
Our methodological choices were conservative and, thus, we may have underestimated the economic benefits of MenAfriVac. The costs to households may be underestimated for several reasons. We assumed that costs of case management are entirely supported by the health system; however, although care is supposed to be free of charge during an epidemic, an earlier study in Burkina Faso [13] estimated that 96% of households paid for all or part of the care. In addition, 34% of households report self-medication before going to a health center or a hospital, and 23% seek traditional care. The ICs were based on the assumption that only 1 person was prevented from working. In reality, this can only be true when the patient is a child, and although most cases occur in children, adults are still affected by MenA [26] . Household costs do not include either the direct or ICs associated with sequelae, which affect 9.5% of survivors [27] , and may be severe and costly [13, 28] . Moreover, recent experimental economic studies propose widening the scope of ICs by also including monetary estimates of interruptions in education schooling and the impact on cognitive development [21] [22] [23] . Last, the focus here is on the economic impact on households and costs and savings for the health system. A later study will also include the macroeconomic impact and the financial risk protection of households [29] .
Our estimates of the epidemiological impact of MenAfriVac from 2015 through 2035 are based on a transmission dynamic model of MenA [16] . Different MenAfriVac coverage estimates are used for the transmission model and the economic costs. For the 2010 campaign, costs are based on administrative coverage, whereas epidemiological impact uses a lower coverage survey estimate [3] ; the overall effect is conservative. The transmission model predicts a national incidence and does not predict the occurrence of local epidemics that would trigger a reactive vaccination response. We have estimated the costs of reactive vaccination on a per-case basis. However, the costs of reactive vaccination could be lower if the geographical distribution of MenA cases was such that not all occur in districts that reach the epidemic response threshold. To address this, we used an alternative method of estimating costs of reactive vaccination, based on the number of district-level epidemic response campaigns conducted in Burkina Faso in the pre-MenAfriVac era and assuming a major epidemic every 10 years, and estimated costs to be around 10% higher. A further consideration is that we have not estimated the cases prevented through a reactive strategy. The effectiveness of reactive vaccination has not been systematically reviewed and critically depends on the speed at which reactive vaccination can be implemented [12] . However, it is not thought to be a highly effective strategy, hence the development and introduction of MenAfriVac. In addition, we are using an estimate of disease incidence that is typical for a meningitis belt country, although not necessarily a high-incidence country such as Burkina Faso. On balance, we therefore conclude that our estimates of the costs of reactive vaccination are conservative.
The introduction of MenAfriVac across the African meningitis belt has dramatically reduced the burden of MenA disease. With appropriate long-term immunization strategies as recommended by SAGE, this remarkable success promises to continue. The economic impact of MenAfriVac is illustrated here for Burkina Faso, and adds to the evidence on the remarkable public health success of this vaccine.
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